INTRODUCTION
The RESRAD-OFFSITE code (Yu et al. 2007 ) is an extension of the original RESRAD code, which has been widely used for calculating doses and risks from exposure to radioactively contaminated soils. The development of RESRAD-OFFSITE started more than 10 years ago, but new models and methodologies have been developed, tested, and incorporated since then. Some of the new models have been benchmarked against other independently developed (international) models. The databases used now include all of the radionuclides (more than 830) contained in the International Commission on Radiological Protection (ICRP) 38 database. To prevent potential confusion, the "original" RESRAD code is denoted as RESRAD (onsite).
COMPARISON OF RESRAD (ONSITE) AND RESRAD-OFFSITE
The RESRAD (onsite) computer code evaluates the radiological dose and excess cancer risk to an individual who is exposed while residing and/or working in an area where the soil is contaminated with radionuclides (Yu et al. 2001) . RESRAD was developed by Argonne National Laboratory in the 1980s and has been widely used to perform assessments of contaminated sites since its release in 1989. Since then, the RESRAD (onsite) code has undergone continuous improvement in response to feedback from users and sponsors. The evolution of the RESRAD-OFFSITE code from RESRAD (onsite) began in the 1990s during the Biosphere Modeling Validation Study II (BIOMOVS II), in which models were compared (Gnanapragasam and Yu 1997) .
The RESRAD-OFFSITE code was first formed by the addition of an offsite soil accumulation submodel (BIOMOVS II 1995) to the basic RESRAD (onsite) code and then by the inclusion of an advective-dispersive groundwater transport submodel (BIOMOVS II 1996) . The ability to accept a time series for the release from the contaminated soil was also added. During the multimedia model comparison study , the advective-dispersive groundwater transport submodel was improved to better predict the transport of progeny produced in transit. Since then, an atmospheric transport submodel and a surface water body accumulation submodel have been added. While RESRAD (onsite) numerically evaluates the analytical expressions for concentration, dose, and risk at any desired time since the site survey, RESRAD-OFFSITE uses numerical methods to compute the concentration, dose, and risk progressively over time.
The RESRAD-OFFSITE computer code evaluates the radiological dose and excess cancer risk to an individual who is exposed while located within or outside the area of initial (primary) contamination. The primary contamination, which is the source of all the releases modeled by the code, is assumed to be a layer of soil. The releases of contaminants from the primary contamination to the atmosphere, to surface runoff, and to groundwater are considered. The code models the movement of the contaminants to agricultural areas, pastures, a dwelling area, a well, and a surface water body. It also models the accumulation of the contaminants at those locations where appropriate. Any contribution of the contaminants from the water sources to the land-based locations is also modeled. As shown in Figure 1 , the water sources and the land-based locations can be outside the boundary of the primary contamination (offsite).
Nine exposure pathways are considered in RESRAD-OFFSITE: direct exposure from contamination in soil, inhalation of particulates, inhalation of radon, ingestion of plant food (i.e., vegetables, grain, and fruits), ingestion of meat, ingestion of milk, ingestion of aquatic foods, ingestion of water, and ingestion (incidental) of soil. 
Submodels in RESRAD (ONSITE) and RESRAD-OFFSITE
Some submodels used in the RESRAD-OFFSITE code are essentially the same as the corresponding ones in RESRAD (onsite). The differences in the submodels in these two codes are described in the following sections.
Groundwater Release Submodel
The first-order groundwater release model from RESRAD (onsite) was retained in RESRAD-OFFSITE, although the radionuclide inventory at any time is computed differently. In a firstorder release model the flux of radionuclides released to the infiltrating water at any time is in direct proportion to the radionuclide inventory in the contaminated soil at that time.
Surface Soil Mixing Submodel
The surface soil mixing model in RESRAD-OFFSITE accounts for the loss of nuclides due to surface erosion when modeling the concentration in the mixing layer. The contaminant inventory in the mixing layer and in the undisturbed contamination are considered when computing the release to groundwater.
Dust Release Model
In RESRAD-OFFSITE, the dust release model has been extended to provide a transport model (Gaussian plume) for a release to the atmosphere.
Exposure Models
In RESRAD-OFFSITE, the exposure models are applied at more locations (e.g., off-site agricultural and farmed areas that are contaminated by irrigation and deposition of contaminated dust) than they are in RESRAD (onsite), and with more contamination pathways. The exposure models were changed to accommodate the numerical nature of the RESRAD-OFFSITE code and to facilitate their application to the offsite locations.
Advective Groundwater Transport Model
The option of using the advective groundwater transport model was retained in RESRAD-OFFSITE, but the option of considering the effects of dispersive transport was added. The nuclide transport is modeled zone by zone (each unsaturated zone and then the saturated zone) by numeric calculation of the flux across each zone progressively over time.
Integrated Modules in RESRAD-OFFSITE
Integrated in the RESRAD-OFFSITE computational program are the computational modules for primary contamination (source), atmospheric transport, groundwater transport, offsite accumulation, and exposure; the input modules to process the information from the user interface and to manage the single parameter sensitivity analysis; the module to generate the text reports; and the probabilistic/uncertainty module.
VERIFICATION AND VALIDATION
The RESRAD-OFFSITE code was developed following the RESRAD program quality assurance and quality control procedures. Many parameter values used in the RESRAD-OFFSITE code were taken from the RESRAD (onsite) database. The RESRAD (onsite) database is well documented and verified (Yu et al. , 2001 (Yu et al. , 2003 . Benchmarking and model validation exercises have been conducted by the RESRAD team (Yu et al. 2006 ) and by international users (BIOMOVS II 1995 , 1996 . Currently, the RESRAD-OFFSITE code is being used by the International Atomic Energy Agency's Environmental Modelling for Radiation Safety (EMRAS) Naturally Occurring Radioactive Material (NORM) Working Group for testing NORM scenarios. Additional testing and validation of RESRAD-OFFSITE are planned when data sets are available.
